The coliform bacterial population in the Grand Forks, N.Dak. sewage system was examined for multipleantibiotic-resistant organisms over a 1-year period. Multiple-antibiotic-resistant coliforms were found to be common in the sewage, and their numbers remained fairly constant relative to the total coliform population throughout the year. Resistance to kanamycin, tetracycline, and ampicillin was found to be transferable at variable rates. Transfer rates were found to be temperature sensitive and were optimal at 35°C. Although 75 % of the multiple-antibiotic-resistant coliforms were capable of transferring resistance at some level, only 25% were capable of transferring resistance at rates greater than 1o-3 transconjugants per initial donor.
The coliform bacterial population in the Grand Forks, N.Dak. sewage system was examined for multipleantibiotic-resistant organisms over a 1-year period. Multiple-antibiotic-resistant coliforms were found to be common in the sewage, and their numbers remained fairly constant relative to the total coliform population throughout the year. Resistance to kanamycin, tetracycline, and ampicillin was found to be transferable at variable rates. Transfer rates were found to be temperature sensitive and were optimal at 35°C. Although 75 % of the multiple-antibiotic-resistant coliforms were capable of transferring resistance at some level, only 25% were capable of transferring resistance at rates greater than 1o-3 transconjugants per initial donor.
Antibiotic-resistant bacteria have been found to exist in a variety of environments and under a variety of environmental conditions, ranging from pastures and rivers to bays and raw sewage (11) . The discovery in 1959 that drug resistance could be transferred between members of the Enterobacteriaceae served to focus attention on infectious, drugresistant plasmids (R factors) and the bacteria which carry them. Transmission of R factors usually occurs by conjugation, which requires cell-to-cell contact and is thought to be a rather inefficient process in nature (6) . Since the major selective force for R+ bacteria is the use of antibiotics, it is not surprising that R+ bacteria have become common in the coliforms which inhabit the alimentary canals of humans and animals (14, 17) . The discovery of R+ coliforms and fecal coliforms in sewage (12, 19) and the possibility that these R factors may be transferred to other microorganisms during conventional sewage treatment (1) have led to calls for the reevaluation of water quality standards to take into account the presence of these R+ coliforms (3, 8) . Much of the work dealing with the transfer of R factors has been concerned with what portion of a bacterial population demonstrates R factors and with what portion of those which do is capable of transferring R factors to sensitive organisms. Such work is usually accomplished by placing antibiotic disks on plates covered with the test organism (2, 3, 5, 8, 19) . Although this method is convenient and accurate, it gives little or no information about what the rates of R-factor transfer are for each individual isolate. In addition, the ability of R+ bacteria to transfer resistance in the environment means that they will be subject to a number of environmental conditions, some of which can be expected to vary from season to season, e.g., temperature. It was the intent of this study to determine (i) if multiple-antibiotic-resistant (MAR) coliform organisms exist in the Grand Forks, N.Dak., sewage system; (ii) if MAR coliform organisms are subject to seasonal variation; (iii) if MAR is transferable (including rates of transfer intra-and intergenerically); and (iv) if transfer rates are subject to temperature variation. 10 pLg each of ampicillin, kanamycin, and tetracycline per ml (MA), which were added to molten agar after it had cooled to 50°C. Five well-separated colonies taken from each sample station and grown on MA were restreaked on separate MA plates, and a single colony from each plate was then transferred to a tryptic soy agar slant. Identification of MAR coliform isolates was accomplished with API 20E strips (Analytab Products). Isolates were stored at 5°C until needed, and the loss of MAR over a prolonged period of time was not found to be a problem.
MATERIALS AND METHODS
Plasmid transfer. Transfer of MAR R factors was done by a modified version of the technique described by Bell et al. (2) . Our modification consisted of adding the antibiotics directly to the agar as described above. The agar was then dispensed in 20-ml aliquots into 50-ml tubes, which were kept at 50°C and used for making pour plates of donors (wild type) and receivers. In all cases, the receiving organism was nalidixic acid-resistant, lactose-negative, Escherichia coli K-12, which was kindly supplied by James Bell, Canadian Environmental Protection Service. After 24 h of incubation, serial dilutions of the mixed cultures of donors and receivers Temperature dependence. The effect of temperature on R-factor transfer was tested by the method described above; however, incubation of mixed cultures was done in water baths ranging in temperature from 5 to 45°C at 10°C increments. After 24 h of incubation, donors, receivers, and transconjugants were enumerated as described above.
Plasmid curing. Plasmid curing was attempted by adding 25 or 50 ,ug of acridine orange (Eastman Kodak Co.) per ml (15) or 1% sodium dodecyl sulfate (Eastman Kodak Co.) (4) to 5 ml of tryptic soy broth, to which 0.1 ml of an 18-or 6-h inoculum was then added. After incubation for 18 h at 37°C, pour plates were made with MacConkey agar and MA. In addition, 5 ml of tryptic soy broth containing no curing agent but inoculated and treated as described above was used for comparison.
RESULTS AND DISCUSSION MAR coliforms were isolated from every facet of the Grand Forks sewage system on every sampling date (Table 1 and Fig. 1 ). The MAR coliform population constituted 5% of the total coliform population in June 1983, as measured in the composite raw influent, and then decreased to 0.35% of the total coliform population in January 1984.
The coliform populations we encountered were in general agreement with those reported by Bell (5) for Taber, Alberta, Canada, which also uses an aerobic lagoon system. He found that the MAR coliform population constituted about 3% of the total coliform population. Our results were lower than the 9% reported by Bell and his associate (2) (3) (4) . The MAR coliform populations we encountered were more like those reported by Stuartevant and others, who reported MAR coliform populations to be 1% in one study (19) and 3% in another (18) .
The highest MAR population was consistently found at lift station 20 (Fig. 1) , which serves the Grand Forks Medical Park, as compared with lift station 19, which serves a residential section, and the composite raw influent. This result concurs with the results of Fontaine and Hoadley (7), who reported that hospital wastewater contained a higher number of MAR ogranisms than wastewater collected where no hospital was present. To confirm that lift station 19 was representative of the lift stations at Grand Forks and because lift station 20 also serves a residential area, we sampled three other lift stations as well as the composite raw influent (Table 2 ). Lift station 20 had more MAR coliforms than lift stations serving residential sections only, indicating that the hospital may have been a major source of MAR coliforms entering the sewage system. There was a surprising consistency between the total coliform and MAR coliform populations at different locations in Grand Forks.
It seems clear (Fig. 1) that MAR coliforms were eliminated from sewage before it was discharged from the secondary lagoons. Decreases ranged from 2 to 4 logs in the numbers of MAR coliforms in the secondary oxidation lagoons as compared with lift station 20. This finding is supported by both Linton et al. (12) (8) .
The total coliform and MAR coliform populations tended to follow the same general trends troughout the year (Fig. 2) in the composite raw influent. The actual number of MAR coliforms in raw sewage tended to remain fairly constant throughout the year. The decrease in MAR coliforms as a percentage of the total coliform population from June to August was due to an increase in the total coliform population which was not reflected in the MAR coliform population (Table 1 ). In addition, the total coliform population continued to increase through October, whereas the MAR coliform population remained fairly constant. This may indicate that the total coliform population as a whole is subject to seasonal variation, whereas the MAR coliform population is less so.
Of 62 coliform isolates, 75% had the ability to transfer MAR at some level. However, only 25% had transfer rates above 10-3. Our results were in general agreement with those of Sturtevant and Feary (19) and Bell et al. (2), who reported that 50 and 52.9% of their MAR isolates were capable of transferring MAR, respectively. The finding that 25% of our isolates were capable of achieving MAR transfer rates of greater than 10-3 is consistent with the results of Mach and Grimes (13), who reported transconjugant formation in the range of 10-2 to 10' under laboratory conditions.
Since much of the work dealing with MAR transmission is concerned with what portion of the MAR population is capable of transferring MAR, this is an observation which could be easily overlooked.
When wild-type E. coli was used as a donor and E. coli K-12 was used as a receiver, transfer rates ranged from 6.7 x 10-2 for some biotypes to virtually 0 for others. Five different genera of MAR coliforms were isolated. The ability to transfer MAR intergenerically is well documented (3, 5, 14, 17) , and resistance to the three antibiotics for which we were screening is no exception. Transfer rates varied between biotypes of the same genus used as donors and between different genera. The highest transfer rate achieved intergenerically was 5.4 x 10-2 by Enterobacter cloacae; Citrobacterfreundii achieved a 1.5 x 10-2 transfer rate, and Klebsiella oxytoca achieved a transfer rate of 10-3. All genera isolated had species unable to transfer MAR to the E. coli K-12 receiver.
Studies of the effect of temperature on transfer efficiency (Table 3 ) revealed a sharp optimum of 35°C. Total transfers declined above and below 35°C. Harada and Mitsuhashi (9) noted temperature and pH to be the most influential factors in transfer kinetics and obtained optimum transfers between E. coli and Shigella spp. at 37°C. Singleton and Anson (16) reported that 37°C was a sharp optimum for transfers between E. coli strains, the transfer frequency dropping off quickly below 37°C. Altherr and Kasweck (1) found an optimum of 25°C between two E. coli strains, as did Ishiguro et al. (10) , who studied the transfer of citrate utilization in addition to the transfer of MAR. These discrepancies may be due to differences in techniques and in the biotypes of the organisms involved; they may also be due to the R factors thetnselves.
No curing was observed with an 18-h inoculum used with both 25 and 50 ,ug of acridine orange per ml. Curing of MAR occurred in isolates tested with a 6-h inoculum. Curing levels decreased by 50%o with 50 ,ug of acridine orange per ml and by 99% with 1% sodium dodecyl sulfate. These results support the premise that resistance to the antibiotics is plasmid mediated and are further supported by others ( Our results indicated that the elimination of total coliforms and MAR coliforms from sewage oxidation lagoons is similar. If total coliform levels are kept within prescribed standards, it appears that MAR coliform levels will be reduced to a level at which they will probably not pose a major health hazard.
